INTRODUCTION
Solar energy with its broad spectral distribution of infra red, visible and ultra violet (IR-VIS-UV) radiation can be used not only for thermal power generation, but also for chemical manufacture. For the latter the unique properties of the sun's spectrum permits the VIS-UV to be used for catalytic reaction activation, while the IR can supply needed endothermic energy to produce lower cost higher energy products.
The work described in this report is being conducted by a multidisciplinary research group in the Chemistry, Physics, and Chemical Engineering Departments of the University of Houston. In order to produce a basis for understanding the phenomena involved, leading to the development of process technology, the research is being carried out under the subprojects of: 1) photo-thermal chemical reactions, 2) mechanisms of photo-enhancement, and 3) candidate reaction selection, engineering analysis and process development.
The overall objective of the project is to develop a new catalytic, more highly selective, reaction technology utilizing the sun's radiation, leading to a process for the production of high $-value organic chemical product(s), from readily available low cost petroleum-petrochemical feed stocks. And which will show substantial economic advantage as lower unit product cost over conventional methods of manufacture.
The experimental work to date has clearly demonstrated that enhanced reaction effects, i.e. higher reaction rates and yields (selectivity) at lower temperatures, result from VIS-UV irradiation of certain catalytically active transition metal oxides. These effects could well represent an extension of work being carried out and presented in the literature by chemists, on catalytic active site transitions which enhance reaction, and a break-through in chemical process chemistry.
OBJECTIVES OF THE RESEARCH
The following specific objectives focus attention on the experimental and analytical research currently being conducted.
1) Photo-Catalytic Dehydrocyclizatjon of Paraffins to Aromatics-chemical transformation of n-paraffins to aromatics, for example, is a recognized important commercial process [1, 2] . The objective is to accomplish this reaction photo� catalytically at less severe conditions with greater yield, and at lower cost.
2) Photo�Catalytic Alkylation -Hydroxylation of Aromatics-will result in a significant multiplier on product sales price, The objective is to produce an esters), in a one-step photo-catalytic process.
3) Photo-Catalysts of Hi&h Actiyjty and Selectivity-literature data indicates that activation of transition metal oxide (semi-conductors) catalysts (e.g.vanadium pentoxide, V20 s) primarily occurs in the visible [3, 6, 14] for highly loaded catalysts, UV being much less important, a plus since the earth's surface solar spectrum has a relatively minor amount of UV. The objective is to determine the optimum combination of mixed oxides and loading, and support struCture (Si02-AI203), for maximum conversion (selectivity) to the desired product.
4)
Photo-Catalytic Reactor Configuration-for optimum results one must satisfy the conditions of, complete irradiation of all catalyst particles by high energy dispersion and rapid bed turnover, and efficient gas-solid contacting; a shallow fluid bed of microspheriodal catalyst particles is the odds-on best choice.
The ob jectjye is to carry out the experimental runs in a similar configuration.
5)
Process Confh:uration-recognizing that in the ultimate engineering configuration the process will have to be totally integrated between day and night operation to be cost effective, a sequential combination of reactions are required.
The objectjye is to determine other compatible exothermic reactions, with the same catalyst and reactor configuration, which will extend the synthesis path to additional high $-value products.
CANDIDATE CHEMICAL REACTIONS & PR ODUCTS
In order to guide the selection of possible reactions a set of four (4) criteria were established: 1) -the reaction must be endothermic and thermodynamically favorable; 2) -the reaction must be conventionally catalytic; 3) -the product must be synthesized from low cost feedstocks; and 4) -the product must be of high $-value (sales price $1.00 /lb). A detailed investigation was conducted resulting in two primary outcomes:
Firstly. a sales price histogram of some 250 chemical products [4] , presented as Clearly, while the classification of the latter three groups overlap somewhat, we are primarily seeking synthesis of the latter group, specialty chemicals, from primary feedstocks. reactions indicated that a number of cyclization and cyclization-addition (alkylation and hydroxylation) reactions are favorable, and also lead to high $-value products. A list of fifteen (15) pertinent reactions is presented as Table   1 [4]; the latter ten satisfy the aforementioned criteria. In addition, Table 2 [4] gives the sales price • reactant cost ratio.
Reactionwjse our present thinkim: js movim: alon& two paths: the J:iut, direct endothermic synthesis of aromatics by dehydrocyclization (dehydrogenation + cyclization) of n-paraffins, followed by hydroxylation with methanol to give the final cresol product. And the second. exothermic oxidation of aromatics with air to high $-value aldehydes and acids. The latter could satisfy the aforementioned day-night combination. As an illustration, first consider the synthesis of cresol from n-heptane + methanol, toluene is formed and then hydroxylated, 
and even the ground-state thermodynamics are favorable at T > SOOK, Both effects, non-equilibrium heating and photochemical, will be tested for and distinguished when possible.
METHOD -In this research, the solar spectrum is simulated by the emission from a high pressure xenon lamp. Radiation from this lamp is directed into a reactor to the reaction medium through a quartz window. In order to use the radiant energy as proposed, an absorbing species must be part of the reaction medium. Most chemical reactants will not absorb the entire solar spectrum. Some will absorb only a small portion: many none at all . In order to overcome this problem, we have elected to use a darkened, catalyst coated surface to absorb the radiant energy. Many potential catalysts (eg. These particles comprise a fluid bed which is supported inside a reactor by a porous frit. An inert carr ier gas is passed upward through the frit to fluidize the bed. Only the top surface of the bed is illuminated.
In the second method, catalyst is coated directly onto a porous frit made of an appropriate material and the top surface of the frit is illuminated inside the reactor. In either case, reactant is entrained in the carr ier gas and is adsorbed onto the catalyst coated surfaces as the gas passes through the illuminated frit or bed. Reaction products are swept away by the carr ier gas and are measured downstream by a gas chromatographic analytical system. For a given reactant, product yields are measured as a function of catalyst type, catalyst/support ratio, and light intensity. Results are compared to those for the same reactions when run with conventional thermal energy input.
Reactions for which the radiant energy input results are significantly different from the thermal energy are studied further. For these reactions, product yields are measured with various optical cut off filters inserted in the light beam to remove selected portions of the emission spectrum. In these experiments the total optical flux is held constant as the filters are changed. A dependence of product yield on wavelength is interpreted as indicating a true photochemical effect
EXPERIMENTAL PROGRESS TO DATE
LIGHT SOURCE -In this research, the emission from a high pressure xenon arc lamp is used to provide the radiant input energy to a reactor. Two lamp systems have been purchased, installed, and characterized. Details of this work are given in the Appendix of this report.
REACTOR DESIGN -In our early experiments, we used reactors consisting of simple quartz tubes with side-arms and an o-ring sealed quartz window at the top. A quartz frit was permantly built into the reaction tube and the catalyst/support systems were mostly of the fluid bed particle type.
With this type of reactor, it was difficult to control the reaction temperature even to a nominal value, since there was no provision for controlled heat removal. It was also difficult to use catalyst coated frits in these reactors. We now use specially constructed stainless steel reactors which contain removable frits so that both particle bed and frit supported catalysts can be used conveniently. The internal shape of the reaction chamber is conical. A qu�z window is o-ring sealed to the large (top)
end of the cone, and a frit is compression sealed to the small (bottom) end. Carrier gas enters the reaction zone through the frit. The walls of the cone can be water cooled as required.
Reactants are added to the carrier gas before the frit either by pulsed injection or by continuous injection. In the continuous injection mode, a high precision pump is used to inject liquids (typically 1-10 J.Lllmin) and a pressurized tank and flow-regulating valve are used to inject gases at constant rate. This mode provides data from which reaction rates can easily be calculated, but can only be used with catalysts which are not rapidly deactivated. In the pulsed injection mode, a 10 port switching valve is used. Two sample loops (typically 1.5 Jll internal volume for liquids and 15 Jll internal volume for gases) are attached to this valve so that either one or two reactants can be added in a single pulse or plug. Using a carr ier gas flow rate of 15 cm 3 /min, the entire reactant pulse can be injected in 0.06 sec. The loops are loaded manually with a syringe, but the valve is switched automatically so that the time between reactant injection and product sampling can be measured precisely by our analytical data system. By varying the time delay between reactant injection and product sampling we can measure the time profile of product concentrations as they � released from the catalyst surface. These distributions can be used to obtain some inforrmation about reaction mechanism. This method is also most useful with catalysts which are rapidly deactivated, since reactant is in contact with the catalyst for only a small fraction of the total run time which includes a rather long product separation step.
Reaction products are entrained in the carrier gas and transported from the reactor to another 10 port switching valve which is also controlled by our analytical data system. This valve is used to remove
a sample (typically 6 J.Ll) of the reactor effluent for analysis.
Different carrier gases can be used. We have typically used either helium or argon. In some cases the nature of the carri er gas, although nominally inert, w�s found to have a significant effect on the results obtained.
ANALYTICAL SYSTEM -We have developed a special multi-column gas chromatographic system for analyzing the reactor gas effluent. The polar components in the sample are separated from the non-polar components on a pre-column. Each of the two fractions are then further separated on separate colums. This requires use of three separate column ovens and a third switching valve. The sequencing of all of the switching valves is controlled by the microprocessor associated with an 8300 Series Perkin Elmer gas chromatograph. The polar and non-polar eluents are measured by a single FID detector. The microprocessor is also used to measure the peak area associated with each of the product compounds detected.
REACTION SCREENING PROCEEDURE -The first step in our screeening procedure is to compare the reaction products and relative yields we obtain with radiant energy input for a given reactant/catalyst/support system to those reported in the literature as obtained with heat input. For this initial screening of catalyst, support, and reaction parameters, we have measured the percent yield and amount of product produced based on the theoretical relative response of the flame ionization detector (FID) to each product rather than on calibrated response factors. As a first approximation, the FID response to a given compound is directly proportional to lthe number of carbon atoms in the compound. Since the masses of the hydrocarbon products of interest are dependent primarily on their carbon content, the relative FID responses to these compounds represent the approximate weight percentages of the products measured.
Reactant/catalyst/support systems which give different products or which give the same products but in significantly different relative yields are investigated further in an attempt to determine if the difference is due to a photocatalytic effect or simply to a difference in the way the catalyst/support is heated. In our early experiments, we attempted to screen reaction/catalyst/support systems for a photocatalytic effect by comparing reaction rates obtained with heat input from an external furnace to reaction rates measured with radiant energy input from our lamp systems. Although these experiments showed some indication that radiant energy gave rates which were different, the results
were not conclusive. Two problems were identified. First, heat input by conduction produces a temperature gradiant in the catalyst/support which is quite different from that produced when the catalyst/support is irradiated on its upper surface only. This makes it difficult to define reaction temperature precisely and to obtain thermal and photo data under comparable conditions. Second, with radiant energy input, both thermal and photocatalyzed reactions can occur simultaneously. This makes it difficult to distinguish the presence of a photo effect when reaction rate data are all that can be measured experimentally. We now use a screening procedure which is based on the use of optical cut-off filters which selectively remove portions of the spectrum from the light beam used to irra diate the catalyst surface. We have carefully measured the optical filtering characteristics of each of our filters using uv-visible and infra-red spectroscopy, and have measured the percentage of energy each removes from the incident light beam by calorimetry. Filters are inserted into the light beam one at a time. Each time a filter is inserted, the lamp output is adjusted so that the total energy reaching the catalyst surface is constant although it is comprised of a different spectral distribution. A dependence of product yield on spectral distribution is interpreted as indicative of a photocatalytic effect.
When the cut-off filters are used with our 1 5 0 W system, no other attenuation of the lamp emission is necessary. When the cut-off filters are used with our 1000 W system, we must also use an IR.
(water) filter. The total output energy of the larger lamp, even when operated at only moderate levels, is so great that it fractures the glass cut-off filters. The water filter removes a portion of the long wavelength end of the lamp emission, thus reducing the total energy in the light beam without removing the uv-visible wavelengths most likely to produce photocatalysis. 
SELECTION OF POTENTIAL PHOTOCATALYSTS -

RESULTS FOR HYDROCARBON REFORMING REACTIONS
Hydrocarbon reforming reactions are of commercial importance, are presently run using thermal ]. Preliminary studies indicated that under appropriate conditions we could form benzene from n-hexane and substituted benzene fr om higher molecular weight normal aliphatic hydrocarbons using radiant energy input. We have further studied the reaction of hexane using high flux radiant energy from our 1000 W system and V 2 0 5 on four supports : 13% Al 2 0 3 /Si0 2 particles (60 microns dia.), 25 % Al 2 0 3 /Si0 2 particles (6 5 microns dia.), 100% Si0 2 particles (63-88 microns dia.), and a porous quartz fr it. Use of the porous fr it supported catalyst produced cracking of these reactants, while use of the particle supported catalysts produced reforming of these reactants. Each of the V 2 0 5 /particle catalysts was used in a metal reactor as a shallow (-2 -3 mm deep) bed supported on a stainless steel fr it
Liquid hydrocarbon reactant was added to the carrier gas entering the reactor using the pulsed injection (1. 5 Jll!pulse) method (see above). Since we observed that the catalysts gradually become deactivated due to carbon formation, time profiles were measured only for selected reactions.
Collection of the 8-10 data points required for a profile of a single product requires about 10 hours and it is important to maintain a constant catalytic activity throughout the data collection period. This can be done either by limiting the number of reactant samples to which a particular catalyst sample is exposed, as was done in our early experiments, or by regenerating the catalyst between reactant pulses, as was done in most of our more recent work. In principle, carbon fo rmation can be retarded by adding H 2 or H 2 0 (steam) to the carrier gas. We have tried using hydrogen and fo und in to be ineffective. We have also tried regenerating the catalyst by passing pure oxygen over it and at the same time exposing it to low power illumination. This technique worked quite well as indicated by the fact that when the catalyst was so regenerated, it was restored to the same activity observed with an unused catalyst sample. We have used this regeneration technique during acquisition of most of the data presented below.
The reaction profile for hexane over 5 % V 2 0 5 on 13% A1 2 0 3 /Si0 2 was studied using helium as the carrier gas. With a carrier flow-rate of 10. 2 cm 3 /min, the concentration of reactant in the re actor effluent reaches a maximum at 1.1 min after injection. The principal products are methane (CH4), ethylene (C 2 H4), and benzene (C 6 H 6 )· The rate of production of benzene appears to be slightly lower than the rates of production of methane and ethylene. This can be seen most readily fr om a graph of weight percent of products as a fu nction of the time after injection of the re actant. Such a graph is given in Figure 3 . If all products were produced at the same rate, then the weight percent of each product would be constant, independent of re action time. As one can see in Figure 3 
TABLE3 EFFECT OF V205/(13%AI203-Si02) RATIO ON PHOTOCATALYTIC REFORMING OF HEXANE
Parameter Parameter Value
Reactant: hexane* hexane* hexane* hexane* Reactant Formula: n-C s H14 n-C s H14 n-C s H14 n-C s H1 4 Catalyst:
1% V 205 3% V 2 0 5 5% V 2 o 5
10% v2o5
Catalyst Support:
Support Partical Size (Jlm): In order to evaluate the effect of catalyst parameters, the reaction products were measured at a specific reaction time in the vicinity of the point �t which their concentration in the reactor effluent is maximum. This not only conserves time, but also reduces the number of samples to which the catalyst is exposed and assures that comparisons are made at constant catalytic activity. This data can be used to evaluate the effect of the parameters on the specificity of the reaction towards the desired product, benzene, but does not give any direct information about the effects the parameters have on reaction rate. The closest measure of the effect on reaction rate is the percent conversion which is given in all the data tables discussed below.
In our initial experiments, we used helium as the carr ier gas and various AI20 3 -Si02 mixtures as catalyst supports. Generally the yields of benzene were low ( -5 to 6 %) and the catalyst activity decreased with use, apparently due to carbon build-up on the catalyst/support surface. As mentioned above, catalyst activity could be restored by removing this carbon by reaction with oxygen in the presence of low power radiation.
In these preliminary studies, it was also noted that the benzene yield depended greatly on the carri er gas used, helium or argon. Greater yields of benzene were produced and at lower optical input power when argon was used. We believe this is due to the great difference in thermal conductivity of these gases, but subsequent studies are needed to confrrm this.
In Table 3 , the effect of V20 5 loading (from 1% through 10% V20 5 by weight) on 13% Al20 3 -Si02 is shown. Note that the percent benzene yield varries somewhat from 1 5 to 19% without any definite trend within experimental error. The total percent reactant conversion, however, increases from 7 5 % to 8 5 % in going from 1% to 3% V 20 5 and then remains constant as the V 20 5 loading is further increased to 5 % and 10%. This data suggests that a V20 5 loading of 3% is satisfactory.
In Table 4 , the effect of the ratio of A120 3 to Si02 in the catalyst support is shown for a constant V 20 5 loading of 3%. The benzene yield is obviously greatest when a pure Si02 support is used. This was also true at V 20 5 loadings of 1% and 5 %.
In Table 5 , the effect of V 20 5 loading (from l% through 5 % V 20 5 by weight) on pure Si02 is shown. Both the percent benzene yield (> 5 0%) and the percent reactant conversion (-9 5 %) are high at loadings of 3% and above, but the range of loadings will have to be extended in order to determine the optimum value. However, a benzene yield in excess of 50% is very impressive.
The data in Tables 3-5 were obtained using a constant radiant power of -14.3 watts (-490 watts electrical input to the lamp). The effect on benzene yield and total reactant conversion produced by varying the radiant flux intensity is shown in Table 6 for 3% V20 5 /Si02 (argon carrier). Note that the benzene yield increases, but the percent conversion decreases as the power is decreased. At 493 watts elecrical input to the lamp, the benzene yield is 55 % and the percent total reactant conversion is 96%. At 380 watts electrical ( -1 Ll watts optical), the benzene yield is in excess of 60%, but the percent conversion is only 61%.
For comparison, data as a function of lamp power for the reaction over 3% V 20 5 /SiOz using helium as the carrier gas are given in Sampling Time (min}: yield is 80%, but the total reactant conversion is only 1 5 %. As the lamp power is increased the percent conversion increases, but the percent benzene yield decreases. For a given percent conversion, the percent benzene yield is higher when argon is used as the carr ier than when helium is used.
For the reforming of hexane to benzene using V 20 5 /Si02, catalyst regeneration using oxygen appears to be especially effective when the regeneration is done with the catalyst/support system exposed to low power radiation from our lamp. When radiation is used, we note that the carbon formed during exposure to hexane is very rapidly removed from the upper surface of the catalyst bed, the surface exposed to the radiation. The lower part of the bed is regenerated more slowly, as the particles in this region rise to the illuminated top surface. During the regeneration cycle, we use oxygen flow rates that are sufficient to fluidize the bed and carbon removal appears to be complete in 2 -3 minutes. However, in order to be certain that regeneration is complete we continue the process for a total of 2 0 minutes. This regeneration step is normally done during the 40 minute period required for gas chromatographic analysis of a reaction product sample. The effectiveness of radiation for catalyst regeneration may well be one the of most important advantages of using radiant energy input for heterogeneous catalyzed reactions. For this reason, we will carry out a quantitative comparison of the rates of catalyst deactivation and regeneration produced by thermal and radiant energy.
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EXPERIMENTAL WORK
Studies for optimization of reaction and catalyst parameters for the production of benzene from hexane will be continued. The range of V zOsiSiOz ratios will be extended. The dependence of benzene yield on optical power will be further investigated.
After optimization of the parameters for benzene formation from hexane, the reforming of other aliphatic hydrocarbons (Cl to C1o) to aromatic compounds, typically toluene and xylenes, will be evaluated. The dependence of these reactions on the ultraviolet region of the input spectrum will also be measured.
Following this work, the reactions proposed above in the section titled "Candidate Chemical Reactions" will be tested to see if higher value substituted aromatics can be produced using high flux radiation and V zOs catalysts. In general these reactions involve a combination of two reactants.
One approach would be to use hexane as one of the reactants with the anticipation that substitution would occur during the formation of benzene. Alternatively, benzene could be used as one of the reactants with the assumption that substitution can occur directly to the existing aromatic ring.
EXPECTED OUTCOME OF 1988 EXPERIMENTAL WORK
We are optimistic that the benzene yield from hexane can be increased significantly. To date the greatest benzene yield achieved is 5 7% at 97% total reactant conversion. This was obtained using 5 % V zOs on a pure SiOz support. We expect to be able to achieve a benzene yield in excess of 65% at a total reactant conversion in excess of 90% under optimum conditions.
We also are confident that other substituted aromatics can be produced using high flux radiation and V zOs catalysts. This will be demonstrated definitively. These reactions will be tested for a wavelength dependent photocatalytic effect by the method described above. It is not possible to predict the outcome of these experiments at the present time. The production of substituted aromatics by combination reactions between two reactants will also be attempted and, if successful, tested for a wavelength dependent photocatalytic effect. Again, the outcome cannot be predicted with certainty. However, if a photocatalytic effect can be found we believe that this would be of considerable commercial significance since the target products, substituted aromatics, have a relatively high dollar value.
The most critical limitation to the present study is the inability to investigate the spectroscopic properties of our catalyst/support systems at high temperatures.
Other workers (see Appendix) have identified a unique photocatalytic excited electronic state of V205, i.e. the state produced by the charge transfer yS+o2-·· > v 4 +o -.
They have studied both the absorption and emission properties of this species at room temperature using a low photon flux. However, when we use high photon flux the catalyst is at a much higher temperature, where the spectroscopic properties are unknown. Furthermore, when we prepare new catalysts or attempt to regenerate old catalysts, effectiveness can only be judged by reaction activity. If the spectroscopic properties could be determined directly, we could evaluate alterations in the electronic states responsible for photocatalytic activity.
Another limitation is the method of product detection used in our present analytical procedure. Presently we are using gas chromatography to identify the reaction products and to measure concentrations, which is a time consuming process. We believe productivity would be greatly increased by the use of an ion-trap mass spectrometer. A proposal for $177,900 has been submitted to the U.S. Department of Energy, University Research Instrumentation Program, fo r purchase of such equipment.
PRESENT VIEW · PROCESS PATHS & CONFIGURATIONS
Research objectives 4) and 5) on p3, i.e. photo-catalytic reactor configuration, and the integrated process sequence, provide the basis for our present view of the process configuration fo r a pilot-scale and commercial-scale unit.
The point has been made that for a cost effective process operation the equipment should be operated 24 h/d, an endothermic photo-catalytic reaction during day-time, and an exothermic reaction using the same catalyst during night-time. To this end, one can visualize a combination of reaction paths from feedstocks to high $-value products, as shown in Figure 4 , which accomplish these objectives. More specifically the three reaction paths can be visualized as follows.
The fi rst path CPMCAl. combines paraffins + methanol to aromatics + cresols (day-time), followed by air oxidation 
START
• AMCA .
• PMCA . 
A "price Advantage Ratio", measuring the synthesis upgrading from feedstocks to products, can be estimated fo r each path, and is presented in the next section of this report.
Three (3) key points are pertinent in our current thinking about the proces configurations:
1)
The Process Unit would consist of a reactor plus a product separation unit, with provisions for recycle of unreacted material.
2)
The catalytic reactor would be a shallow fluidized bed (height I diameter < 0.5) of V20 s (-10-15w%) on microsphereoidal Si02-AI203 (-65 Jl diameter) catalyst support particles.
3) The reactor would be computer controlled and time cycled (with over-ride) fo r day-time and nightatime operation.
PRELIMINARY ECONOMICS -PRICE ADVANTAGE RATIOS
It is premature at this time to calculate comparative process economics of the proposed reaction-process paths. Later in the proj ect sufficient experimental data will be available to prepare some preliminary process economics. However, at this time as an indicator, a "Price Advantage Ratio (Ra)" measuring the up-grading from feedstocks to products can be estimated for each proposed path.
Consider as an example the PAA process path, paraffins = aromatics � aldehydes. Making certain preliminary assumptions concerning selectivity and conversion, a mass balance can be made from reactants to products; followed by calculation of product value ($) and feedstock cost, as illustrated by Table 8 . In a
similar manner, Ra values have been calculated fo r the other two reaction-process paths, PMCA and AMCA, and the values summarized in Table 9 . It is interesting to note that the simplest reaction path appears to have the highest up-grade ratio.
Another preliminary up-grading indicator, feedstocks to products, has been suggested as a measure; i.e. the value added, Va = Products ($) -Feedstocks ($).
These values have been added to Table 9 , and it will be noted that on the basis of V a the AMCA path shows up best. However, starting with n-paraffi ns to aromatics, a very desirable step for the utilization of solar radiation, the P AA path is best on both bases. 
COMPARATIVE COMMERCIAL PROCESSES
There are a number of commercial processes which are used to produce the 
PRELIMINARY CONCLUSIONS
Based on the research accomplished to date, as summarized in this report, our preliminary conclusions are as follows:
1) As reported previously, we observed a significant photomcatalytic effect� increased conversion rate and selectivity, fo r the dehydration and dehydrogenation of alcohols. It is believe that excited state catalyst sites cause this enhancement.
2) n-Hexane reforming results indicated: high conversions (50-95 % ), greater olefin (than aromatic) yield at low V20 5 loading, and increased and greater aromatic (than olefin) yield fo r increased V205 loading. With Sw% V20 5, 95 % conversion and 57% aromatics were obtained.
3) n-Heptane reforming should maximize toluene yield, which in turn could be either hydroxylated to cresol or oxidized to benzaldehyde; both of the latter are high $uvalue products.
4)
In order to produce a cost effective process, the odds-on-favorite pilot scale and commercial scale reactor configuration and operational sequence are: a shallow fluid-bed of catalyst with top-down incident radiation, and day-time
endothermic followed by night-time exothermic reactions to produce the products.
5) The Price Advantage or Up-Grade Ratio, Ra, can be used to rate alternative reaction-process paths, and consequently determine the priority of experimental work.
6) Finally at this time, the chances fo r success appear very good fo r the use of solar photo-thermal catalytic reactions to produce high value chemicals. This development of technology could significantly extend the cost effective application of solar energy fo r useful purposes.
-25- . Reaction of CO with triplet V 2 0 5 is further supported by studies of the reaction using V 2 0 5 /PVG.
The spectroscopic properties of V 2 0 5 /PVG are slightly different from those for V 2 0 5 /Si0 2 . For V 2 0 5 /PVG, the absorption band has a maximum at 2 90 nm and the emission consists of both a fluorescence band (maximum at 360 nm) and a phosphorescence band (maximum at 5 00 nm, mean lifetime 218 J.Lsec). With CO adsorbed, two phosphorescence lifetimes were observed: 218 Jlsec, · and 5 2 2 J.Lsec. It was proposed that two mechanisms were responsible for the quenching of the triplet state by CO: (1) collisional quenching and ( 2 ) quenching due to adsorption. Although V 2 0 5 /PVG would also appear to be a potential photocatalyst for our experiments, its potential is limited by the fact that its absorption band is barely within the solar spectrum.
The spectroscopic properties of V 2 0 5 supported on magnesia (MgO) have also been investigated 7.
For V 2 05/MgO, the absorption band has a maximum at 340 nm and the emission is phosphorescence (maximum at 5 80 nm). The absorption band extends to -390 nm which is well within the sea level solar spectrum.
In all of these cases the optical absorption band is considered to be associated with a charge transfer · from o2-to v 5 + giving v4+o-as the excited state. Thus, it is understandable that V 2 0 5 would be effective as a photocatalyst for converting CO to C0 2 . There are other reports of photocatalysis using V 2 0 5 . Some of these identify free radical species formed in the photocatalytic process 8 , 9 .
With hydrocarbons this fre quently involves a hydrogen atom abstraction by o-in the charge transfer excited state (V4+o-) to form OH -.
Spectroscopic and photocatalytic studies have also been reported for the catalyst/support combinations Mo0 3 /Si0 2 , Mo0 3 /PVG, and Cr0 3 /PVG 10 . In these systems, triplet states can be excited using radiation in the vicinity of 300 nm. However, for both Mo0 3 /PVG and Cr0 3 /PVG the lifetimes of these states are shorter than for V 20 5 /PVG. Consequently, V 2 0 s /PVG should be more effective as a photocatalyst than either Mo0 3 /PVG or Cr0 3 /PVG. This assumption is borne out by the fact that V 2 0 5 /PVG gives a higher quantum yield for conversion of CO to C0 2 than either In sum these studies suggest that V 2 0 5 (on a variety of supports including silica, magnesia, and porous vicor , but not alumina) is a very appropriate candidate for use in the present research. When combined with these supports, it has a measured absorption band which falls within the solar spectrum and exhibits photocatalytic activity for at least one chemical reaction. It is also a catalyst which is commonly used in a wide variety of commercially important chemical syntheses. For this reason, we have chosen to concentrate on applications of this catalyst
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